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T h i s  r e p o r t  was p r e p a r e d  as an  account  of government-sponsored work. 
N e i t h e r  t h e  United S t a t e s  n o r  t h e  National A e r o n a u t i c s  and Space 
Adminis t ra t ion  n o r  any employee t h e r e o f :  

a .  Makes any w a r r a n t y  o r  r e p r e s e n t a t i o n ,  e x p r e s s  o r  i m p l i e d ,  w i t h  
r e s p e c t  t o  t h e  a c c u r a c y ,  comple teness ,  o r  u s e f u l l n e s s  of t h a t  
in format ion  c o n t a i n e d  i n  t h i s  r e p o r t ,  or  t h a t  t h e  use of any 
informat ion ,  a p p a r a t u s ,  method, o r  p r o c e s s  d i s a l o s e d  i n  t h i s  
r e p o r t  may n o t  i n f r i n g e  p r i v a t e l y  owned r i g h t s ;  

b. Assumes any l i a b i l i t y  w i t h  r e s p e c t  t o  t h e  u s e  of a n y  i n f o r m a t i o n ,  
a p p a r a t u s ,  method, o r  p r o c e s s  d i s c l o s e d  i n  t h i s  r e p o r t " .  
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BELLCOMM, INC. 

ABSTRACT 

T h i s  r e p o r t ,  Reference T r a j e c t o r y  No. 1 (Guided 
Reentry)  is  i s s u e d  as volume 1E of  Lunar O r b i t  Rendezvous 
Reference T r a j e c t o r y  Data Package ( U ) ,  I s s u e  4 .  The f irst  
f o u r  volumes prepared by Space Technology Labora to r i e s  are 
as fo l lows .  

Volume 1 A  - Summary and Reference T r a j e c t o r y  No. 1 
Data E x h i b i t s ,  dated Ju ly  8,  1964, 
NO. 8408-6056-RC-000 

Volume 1 B  - P r i n t o u t  Keys and Reference T r a j e c t o r y  
No. 1 L i s t i n g  ( E a r t h  Launch t o  LEM 
F i n a l  Descent) ,  dated J u l y  8,  1964, 
NO. 8408-6057-RC-000 

Volume 1 C  - Reference T r a j e c t o r y  No. 1 L i s t i n g  
Continued (LEM F i n a l  Descent t o  
E a r t h  Re-entry),  dated J u l y  8, 1964, 
NO.  8408-6058-RC-000 

Volume 1D - Reference T r a j e c t o r y  No. 1 L i s t i n g  
Concluded (Re-entry) ,  dated J u l y  8,  1964, 
N O .  8408-6059-RC-000 

The above volumes c o n t a i n  a complete unguided r e f e r e n c e  
t r a j e c t o r y  i n c l u d i n g  t h e  re -en t ry  phase. This  r e p o r t  (volume 1E) 
c o n t a i n s  a guided re -en t ry  with t he  same t e r m i n a l  c o n d i t i o n s  as 
t h e  unguided re -en t ry  o f  volume 1D. 



GUIDED RE-ENTRY 

The Reference Tra j ec to ry  Data Package t o  which 

t h i s  i s  appended con ta ins  an "open loop" (unguided)  Apollo 

LOR t r a j e c t o r y .  For the  powered f l i g h t  maneuvers t h e  f u l l  

opt imized s t e e r i n g  o r d e r s  of t h e  "open loop" t r a j e c t o r y  

r e s u l t  i n  good first approximations t o  t h e  f i n a l  guided 

t r a j e c t o r i e s .  I n  t h e  r e e n t r y  phase t h e  correspondence 

between t h e  ''open loop"  and guided t r a j e c t o r i e s  i s  less 

c l o s e .  The i n t e n t  of t h i s  volume is  t o  p r e s e n t  t h e  r e s u l t a n t  

LOR r e - e n t r y  t r a j e c t o r y  parameters  a s  inf luenced by t h e  

c losed  loop c o n t r o l  o f  t h e  MIT r e -en t ry  guidance l o g i c .  

The guidance log ic  u t i l i z e d  i s  t h a t  def ined by 

MIT a s  of J u l y  1, 1964. The c h a r a c t e r i s t i c s  o f  t h e  v e h i c l e  

r e s t a t e d  from Volume 1 A  a r e ;  

L/D max = .4  

= 57 lbs / sq .  ft. W - 
cDA 
W = 9500.0 

ATMOSPHERE MODEL = U.S. Standard ATMOSPHERE, 1962 

The r e - e n t r y  phase is  i n i t i a t e d  10,526.4 min. from 

l i f t - o f f .  A t  t h e  p o i n t  of  re -en t ry  t h e  v e h i c l e  has a longi -  

t u d i n a l  range t o  go o f  1288 naut .  mi les  and a l a t e r a l  range 

t o  go of 185 naut .  m i l e s  to reach t h e  landing  s i t e  l oca t ed  

a t  15 degrees  N l a t i t u d e ,  210 degrees  E long i tude .  For t h i s  

range a s k i p  from t h e  atmosphere i s  n o t  r equ i r ed ,  t h e r e f o r e ,  

t h e  r e - e n t r y  p r o f i l e  c o n s i s t s  of an i n i t i a l  f u l l  p o s i t i v e  l i f t  



. 
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phase  t o  " p u l l  up",  a second phase i n  which t h e  f l i g h t  p r o f i l e  

is inf luenced  by ' 'constant  drag" guidance and a t h i r d  and 

f i n a l  phase i n  which t h e  f l i g h t  p r o f i l e  r e f l e c t s  t h e  "equ i l ib r ium 

g l i d e "  guidance mode. 

T h i s  volume conta ins  t h e  p r i n t o u t  and p r i n t  key 

p l u s  p l o t t e d  time h i s t o r i e s  of s e v e r a l  important  t r a J e c t o r y  

parameters. The e q u i v a l e n t  informat ion  f o r  t h e  "open loop"  

r e e n t r y  t r a j e c t o r y  i s  contained i n  Volumes 1A and 1D. 
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Components of t h e  missile p o s i t i o n  i n  an ear th  

centered ,  r i g h t  handed, i n e r t i a l  coo rd ina te  system. 

The system is  o r i e n t e d  such t h a t  t h e  X - Z  p l a n e  

con ta ins  t h e  t r u e  v e r n a l  equinox o f  da t e  and t h e  X-Y 

p l ane  con ta ins  t h e  equa to r .  The Z axis passes 

through t h e  n o r t h  pole .  ( f t )  

Components of v e l o c i t y  i n  t h e  earth cen te red  

i n e r t i a l  coord ina te  system. ( f t / s e c )  

Components of t h e  l and ing  s i t e  p o s i t i o n  i n  t h e  

ear th  centered  i n e r t i a l  coo rd ina te  system. ( f t )  

~ 

Alt i tude  w i t h  respect t o  t h e  F i sche r  e l l i p s o i d  1960, 

measured a long  t h e  rad ius  v e c t o r .  ( f t )  I 
R a d i a l  d i s t a n c e  from t h e  c e n t e r  of t h e  earth.  ( f t )  

Component of  i n e r t i a l  v e l o c i t y  a long  t h e  radius 

v e c t o r  R. ( f t / s e c )  

Magnitude o f  t h e  i n e r t i a l  v e l o c i t y .  ( f t / s e c )  

F l i g h t  pa th  w i t h  respect t o  V I .  Angle between t h e  

i n e r t i a l  v e l o c i t y  v e c t o r  and t h e  l o c a l  g e o c e n t r i c  

h o r i z o n t a l ,  p o s i t i v e  upward (deg.)  

I 

Azimuth from n o r t h  of t h e  i n e r t i a l  v e l o c i t y  v e c t o r  

p r o j e c t e d  on a plane normal t o  t h e  radius v e c t o r .  (deg . )  
I 
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Magnitude of t h e  v e l o c i t y  r e l a t i v e  t o  t h e  a i r  m a s s . ( f t / s e c )  

F l i g h t  p a t h  w i t h  r e s p e c t  t o  t h e  VA. 

a i r  v e l o c i t y  vec to r  and t h e  l o c a l  g e o c e n t r i c  h o r i z o n t a l ,  

p o s i t i v e  upward. ( d e g .  ) 

Azimuth from n o r t h  of  t h e  a i r  v e l o c i t y  v e c t o r  p r o j e c t e d  

on a p l a n e  normal t o  t h e  r a d i u s  v e c t o r .  (deg . )  

Geodetic l a t i t u d e  o f  t h e  v e h i c l e  p o s i t i o n .  (deg. ) 

Longitude of t h e  v e h i c l e  p o s i t i o n .  (deg. ) 

Right a scens ion  of t h e  l and ing  s i t e  from t h e  v e h i c l e  

p o s i t i o n  v e c t o r  measured i n  t h e  in s t an taneous  p l ane  

of motion. The angle  is p r o j e c t e d  t o  t h e  s u r f a c e  of a 

s p h e r i c a l  earth. (naut .  m i .  ) 

Dec l ina t ion  of t he  l and ing  s i t e  r e l a t i v e  t o  t h e  

Angle between t h e  

in s t an taneous  p l ane  of motion. The ang le  i s  p r o j e c t e d  

t o  t h e  s u r f a c e  of a s p h e r i c a l  ear th .  (nau t .  m i . )  

Magnitude of  t h e  t o t a l  a c c e l e r a t i o n  v e c t o r  ( f t / s e c  ) 

Magnitude of t h e  aerodynamic drag  f o r c e  a c t i n g  a long  

t h e  r e l a t i v e  v e l o c i t y  v e c t o r  VA. ( l b s .  ) 

Magnitude of  t he  aerodynamic l i f t  f o r c e  a c t i n g  normal 

t o  t h e  r e l a t i v e  v e l o c i t y  v e c t o r  VA and i n  t h e  i n s t an taneous  

r e l a t i v e  p l a n e  of motion. ( l b s .  ) 

Magnitude o f  t h e  aerodynamic l i f t  f o r c e  a c t i n g  normal t o  

t h e  r e l a t i v e  v e l o c i t y  v e c t o r  VA and normal t o  t h e  

in s t an taneous  r e l a t i v e  p l a n e  of motion. ( l b s .  ) 

R a t i o  of t h e  magnitude of t h e  aerodynamic a c c e l e r a t i o n  

t o  t h e  magnitude of t h e  g r a v i t a t i o n a l  a c c e l e r a t i o n .  

2 
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ROLL R o l l  a t t i t u d e .  Angle  between t h e  l i f t  v e c t o r  

(de f ined  i n  a p lane  normal t o  t h e  r e l a t i v e  

v e l o c i t y  v e c t o r )  and t h e  l i n e  of i n t e r s e c t i o n  

of t h e  r e l a t i v e  p l ane  of motion and t h e  p l a n e  

normal t o  t h e  r e l a t i v e  v e l o c i t y  vec to r .  P o s i t i v e  

0 t o  360 degrees counter  c lockwise as viewed from 

t h e  rear of t h e  veh ic l e .  0 degrees  r e p r e s e n t i n g  

maximum l i f t  up i n  t h e  r e l a t i v e  p l a n e  o f  motion. 

(de& 1 

RLDOT Magnitude o f  t h e  r o l l  ra te .  (deg/sec)  

TAG Guidance phase i n d i c a t o r  (1 t o  6 )  

1 - guidance p h a s e  p r i o r  t o  i n i t i a l  p u l l  up 

2 - guidance t a r g e t i n g  i t e r a t i o n  phase  

(determines guidance s t r a t e g y )  T h i s  

phase  occurs  a t  t h e  p o i n t  o f  p u l l  up, 

r e q u i r i n g  appi70ximately 3G2 tz, 5W 

mi l l i s econds  o f  t i m e  t o  complete. 

3 - guidance "cons t an t  drag"  o r  ' ' r e fe rence  

t r a j e c t o r y "  phase.  For va r ious  range  

requirements  e i the r  one o r  bo th  of 

these phases  may be required.  

5 - guidance atmospheric  s k i p  phase. T h i s  

phase may o r  may n o t  ex is t  as r ang ing  

requirements  d i c  t a t  e. 

6 - guidance e q u i l i b r i u m  g l i d e  phase  
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